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Progress Report No. 1b

_ Dear 8ir:

This progress report covers two phases of investigation:
the first phase on tha evalustion of forces and moment experie: -ed
by the trailing ship is nearing completion and these foroces
and mowsnt are included in this progress rébort; the second
phese of tho work in hydrofolls 1s in a preliminary siate,
and 4t 18 concerned with the method of solution to this probe-
lem tegether with a review of the previous published Russian

reports on this subject.

Yor; xiqvcerely,
G.&-o% Qn SKMMM

Adolf G, Strandhagen
Pirector of Project

Distribution: OHFR Chicago (1)
OF% Washington, Code 438 (5)
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Part I Wave Forces

In Pebrusry, 1954, we forwarded 3 frief letter to
Mr. Bryson, ONR/Chicago, concerning ths highlights un ihe
numericsl ewaluation of 2oc=s of the significant force and
moment components experienced Sy & ship which 1s moving
directly behind and in the path of a leading ship. At
that time a few iaolutod points were calculated sndl they
revealed datalls which were significant. The graph: for
the force and moment componeris representing additicnal
wave fo:rcdc and moment cauced by the leading ship were of
oscillatory nature. This study suggested that by ju-
diciously apecing the two ships, an apprecicble reduction
In forces and moment Souid d®s obtalned, However, the
ocurves did not show any regular trend at tuct time, Sincc
theun, upon closer inveatigetion, and by using smaller
intervals for the calsuletions, a definite trend has been
established. In addition, further work has been com-
pleteed on other force and moment components.

As far as the offect of waves is concerned, the force
and momend experisuced by the tralling ship may be classed
fanto three parts: the force and moment of ships aione;
the force and moment dus to mutual interaction between
the %o ships) and the force and moment dues to wave inter-
ferenca. The force and momsnt components whioch are due

t¢e mutual interaction vary ianversely as the aguare of the

e meommme.
S =

HETIP- e o 4 L

i



¥y

B T3

distance between the two ships. Hence, for any practical
distarice between the ships, these ccwmponents are no doubt
very small and will be neglected in the cslculations,
Concerning the first and third parts lirted ’bove, for a
given set of parameters, the nmummerical calsulations have

been completed for the following force and moment components.
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Mg = Mg+ MY+ M2
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The components Z4''?, Iaq. llo"' represent force
and moments acting on the truiling ship =2¢ 1f it were alone,
& and somponents Xg", Zg", ¥g" and #;," ere due to wave
. interference. In terms of the system of aources and sinks
used to replace the two ships, the interpretation of the
foregoing force and moment somponents is as followas
Xg" is one part of tho.rOlultant horisontal force
acting on thée tralling ship (distribution Aj,
.and the trailing systex of sources and Qinka
behind the leading snip {distribution B).
Z4''' 18 one part of the rasuliant wertical force
on the distribution A 4ue to tie forces be-
tween the distridution A and the tralling
system of sowrcez and einks behind the dls-

trivution A.
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is one part of the resulteant vertical force
on the diatribution A due to the forces bdee
tween the trailing system of scurces and
sinks belind the distribution B and the dis-
tridbution A itgelf.

15 one part of the resultant moment on the
distribution 4 due to the hotizont;l com=
ponents of the forses vetweon the distri-
bution A and the trailing system of sources
and sinks behind the distribution A,

1z one part of the rssultant moment on the
distribution A due tc the horizontal csom-
ponents of the forces between the distri~
dution A and the traliling system of soursea
and sinks behind the distribution B.

is one part of the resultant moment on the
distridution & due to the vertisal compos
rnents of the forces tstween the distribution
A and the trailing system of smources and

sinks behind the distribution A,

M;1" is one part of the resultant woment on the

distribution A due to the vertisal compone
nents of' the forces between the diatribution
A and the tralling system of sources and

sinks behind the distribution B.
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Pigures 1 through 7 show the wariation of the effect
of wave interfarence with respést to thLa spmcing between
ships, The forces and mcments acting on the tralliing ship
as if it were alone do not vary with the distance detween
ships. The parameters used in the calculations are: (1)
the ratio of the distance between ship centers and ship
length, o« =1/21, and the corresponding guantities |
W= I/l -1 and o= 1Lg/8l = o + 2 () éraft
ship length ratio, @B w 4/21 ; (3) ratic of the distance
from the origin of the axes to the center of mass of the
ship and the abip length, €/2! 3 and (4) the inverse of
the. squars root of Froude’s number, p = I/F « The values

chosen for these various parameters &re as follows:

o = 8 through 7
ﬂ-ﬂ 0.1

&/21= 1/40

p = 20

Ths following remarks wilil be confined only to the
effect of wave inuterference on the tralling ship.

‘The curves repragenting the effect of the leading ship
on the trailing ship are all of an oscillatory nature. They
are damped »ai'y slowly and the frequency with which they
vary remains practically oonstant with increasing distance
between ships. It 1s surprising that even for a rolatively

largs distante of six ship lengths, where one would expect
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negligibls effect, there is an apprecisble wvalue for the
separate components, This may be 3ue to the fact that the
problem is 1deallized to inolude various assumptions which
render it amenadle to mathematical analysis}; the most
drastic deviatlion from actuslity probably 2z ths use of

& non-viscous fluid, Despite the aaszumpticas used
analysis and calculations give & qualitative descripticn
of the phenomenon as was evidenced by expsriments 2on-
ducted by Barrillon. a French naval architsct, in 1928,
Ho detected that the effect of tha lsading ship on ths
trailing ship oscillated and diminished very slowly with
distance, Even at a spacing of {ive or six ship lengths
the effect was mesasurable.

At the speed chosen in the calounlations, all the
curves oscililate at the rate of about three cycles per
ship length. The equaticns for the various forces and
moments indicate that as the spsed increases the fregquency
per ship length dscreases, Thus, tho effect of the lead-
ing ship on the tralling ship is more sensitive to the
spacing bestween ships at low spssds than at high speeds.
At low speeds ther, & small change in the spacing between
is iikely to change ti:e wave effect from a maximum re-
duction to a maximum increase. XNowever, the trailing ship
would probably not exverience any oscillating motion 1if
the distancs between the ships 1s2 continuously increasing
or decreasing. Tho total wave effact of the leading ship

on the trailinz ship would not amount to more than five




Lt e S 8 ror. Vgt

- — ——

¢9-

per cent of the total forces and moments due to all
causes acting on the trailing shipy. This small oscile
iating fcroe acting on the large mass of the ship would
not be sufficient to cause any appreciable surge, piteh,
or heaving.

The writing of a comprahensive and concluding report
on the additional wave forces and momsnt experienced by

& trailing ship is planned for ths month of June.
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Fart II Hydrofoils

A preliminary investigation of the problem of oscile
lation of bodies under « frese surface of an incompressible

fiuid has been underway for the last eight weeks. The

.goal of this preliminary investigation is to review criti-

cally the existing literature in this fisld for the fol-
lowing puryossat (1) to note the methods of analysis,
(2) tc review the assumptions in tae analysiz, (3) to
interpret the results ol analyais; and (4) to ascertain
whether portions of previcus enslysis would be applicadble
to our problem on steady oscillation of flat folls moving
with a constant velocity beiow & free surface.

The available Russian reports by Kotchin were the

first to ha »ra

]

lew2d sarefully. In many respects these
reports revesl a method of anelysis that is both genersl
and applicable to & wide class of hydrodynemia problems.
However, the restriction and assumptions that.aro intro~
duced in his development appsar to be questionabdble.  For
example, the meun values of certain time-~dependent in-
tograls were assumed to be zero. MWMoreover Kotchin's
anelysis coss not take into account the vortex trail aris-
ing from the osclllation of the foil, Thus these omise
slons imply a 1ift force that 1is only partially correct.
Those cmmissions and thelr limitations on the magnitude

of the 1lift foroe were not dlscussed by Kotchin., They

-
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may be small in some instances, and further investiga%ions
are nseded. [*inally, several mathematicel =teps in.

his study are questionable, or 1if restrictions aro'impliod,
they were not stated., However, the procedurs emplcﬁod oy
Kotchin together with suitable corractions might prove a
potential method of analysis.

Luessner's more recent repaort on the problem of un-
steady lifting asurface 1is an excellent source of informa-
tion of various methods employed by the aeronzutical
scientists for the past thirty years. EKuessner was able
to formulate and to solve the boundary valus problem with
a minimum ol physiocal facts and hé was also able to ob-
tain valusble generalizations. The transformation of
coordinates together with a certain amount of additionsl
information found in Juessner's paper appears to be use-
ful fcer the study »f the problem cf unsteady lifting sur-
faces placed below a frecv-surface., Ssar's report in this
same area, although of earlier date, emphu;izos the phy=-
sical interpretation of the role placed by the trailing
vortex sheet. He was able to show the separation of total
11ft into three parts and the significance of each part.

Our plan for the remainiag month of May and the early
part of June is to rcview several other papers., After
this 1s done, the solution of the propsssd probiem will bdbe
started., It is balieved that parts of the above background
material eventually will be of wvaluable assintancs in car-
rying out either the method or procedure of solving our

proble=,
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